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PROGRAMMABLE LOGIC DEVICE MACROCELL
WITH AN EXCLUSIVE FEEDBACK AND AN
EXCLUSIVE EXTERNAL INPUT LINE FOR A
COMBINATORIAL MODE AND
ACCOMMODATING TWO SEPARATE
PROGRAMMABLE OR PLANES

CROSS-REFERENCE TO RELATED
APPLICATIONS

‘This application’is a continuation of application Ser.
No. 07/884,505 filed May 15, 1992, now abandoned.

U.S. pat. app. Ser. No. 07/817,167, filed Jan. 6, 1992,
is a CMOS logic cell for high-speed, zero-power pro-
grammable array logic devices, having common as-
signee with the present invention.

U.S. pat. app. Ser. No. 07/865,007, filed Apr. 8, 1992,
i1s a field programmable logic array with speed opti-
mized architecture, having common assignee with the
present invention.

U.S. pat. app. Ser. No. 884,104, filed May 15, 1992,
now U.S. Pat. No. 5,220,215, attorney docket No.
91-439, is a field programmable logic array with two
OR planes, having common assignee with the present
invention.

U.S. pat. app. Ser. No. 884,489, filed May 15, 1992,
now U.S. Pat. No. 5,287,107, attorney docket No. 92-63,
is a programmable logic device macrocell with two or
array inputs, having common assignee with the present
invention.

U.S. pat. app. Ser. No. 883,759, filed May 15, 1992,
now abandoned, attorney docket No. 92-59, is a pro-
grammable logic device with a single parameter state
decode, having common assignee with the present in-
vention.

U.S. pat. app. Ser. No. 883,076, filed May 15, 1992,
now U.S. Pat. No. 5,331,227, attorney docket No.
92-256, 1s a programmable logic device macrocell with
an exclusive feedback line and an exclusive external
input line, having common assignee with the present
invention.

U.S. pat. app. Ser. No. 883,843, filed May 15, 1992,
attorney docket No. 92-273, is a programmable logic
device with an exclusive feedback line and an exclusive
external input hine for a state counter or registered
sum-of-products signal, having common assignee with
the present invention.

U.S. pat. app. Ser. No. 883,078, filed May 15, 1992,
now U.S. Pat. No. 5,300,830 attorney docket No.
92-2735, 1s a programmable logic device macrocell with
an exclusive feedback line and an exclusive external
input line for registered and combinatorial modes using
a dedicated product term for control, having common
assignee with the present invention.

FIELD OF THE INVENTION

The present invention relates to integrated circuits
(ICs), specifically field programmable logic arrays
(FPLA). Particularly, an FPLA having macrocells that
contain a faster, more flexible, and exclusive feedback
line as well as an exclusive external-input line from an
input/output (I/0) pad. Moreover, there is an inte-
grated circuit which can disable the output pad and still
maintain a feedback of the sum-of-products in the com-
binatorial mode.
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2

BACKGROUND OF THE INVENTION

The mtroduction of programmable logic devices
(PLDs) was a true revolution in the hardware design
world. It enabled engineers to shrink circuits requiring
several devices onto a single device thus simplifying
their designs while saving space and power. Tradition-
ally, PLLDs have been used in combinational circuits .
such as address decoders as well as sequential circuits
such as bus arbitration schemes. During the last few
years, advances and improvements in PLLD architec-
tures enabled the devices to grow more complex while
addressing the never-ending quest for higher density
and faster speeds. Despite these improvements, engi-
neers still face certain problems and limitations when
implementing state machine designs with PLDs.

A typical programmable logic device is composed of
a user-programmable AND array, a fixed or program-
mable OR gate or array, followed by a macrocell com-
prising output registers, a feedback path to the pro-
grammable AND array, and output pads. The existence
of a feedback path from the output registers or buffers
to the AND array makes PLDs ideal candidates for
state machine implementations.

Although the feedback paths allow for architecture
that implements state machines these architectures have
been encumbered with inefficient and non-flexible feed-
back paths. Specifically, these paths have incorporated
unnecessary gate delays like three-states or registers,
and not having several modes of operation. Moreover, -
these inflexible paths never allow for a disabled tri-state
and still have feedback intact for the combinatorial
mode.

For example, FIG. 1, is a related design which imple-
ments an inefficient feedback path. Particularly, while
in an output mode, programmable logical OR array 10
couples signals to three-state (output buffer) 12 where
signals are coupled to output pad 14 and input buffer 16
via feedback line 18.

One skilled in the art will understand that a three-
state, such as 12, has a relatively large signal delay and
creates a large amount of signal noise. Additionally, it is
easily noted that there is no exclusive feedback line, but
a sharing of the feedback and input line in the combina-
torial mode. Moreover, there is no way to disable the
output pad buffer 12 and still be able to feedback the
sum-of-products via line 18. This ability to disable yet
still feedback 1s a mode of operation that would be very
useful to engineers in their uses of integrated circuits.

Therefore, a need exists for a combinatorial mode
macrocell which has an efficient and more flexible feed-
back path, yet provides for an input line from the 1/0
pad for the combinatorial mode. Particularly, a feed-
back path which avoids unnecessary signal noise being
injected (returned) into the logic array, and that feeds
back even when the pad is disabled.

It 1s noted that the above described problems, as well
as other problems, are solved through the subject inven-
tion and will become more apparent, to one skilled in
the art, from the detailed description of the subject
invention.

SUMMARY OF THE INVENTION

One skilled in the art will appreciate the advantage of
the subject combinatorial macrocell architecture. Spe-
cifically, there 1s an integrated circuit which has a feed-
back path which avoids the unnecessary signal noise
emanating from the use of a 3-state device or output
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driver; and there is a feedback path which is activated
even when the 1/0 pad driver is disabled. Clearly, pro-
viding an exclusive logic signal feedback line to the
logic circuitry and providing an exclusive external sig-

nal input line to the logic circuitry for the combinatorial
mode will solve the subject problems and provide the

additional flexibility.

Features of the present invention will become more
clear from the following detailed description of the
invention, taken in conjunction with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a related art macrocell architecture.

FIG. 2 1s a detailed illustration of the invention.

FIGS. 3A-3C are illustrations of configurable modes
of operation for the invention.

FI1G. 4 illustrates an embodiment of the invention
being utilized in a field programmable logic device.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENT

Incorporated Material

For the purpose of providing background material
which may in some respects illustrate the state of the
art, the following books are herein incorporated by
reference: “Programmable Logic Handbook,” fourth
edition, by Monolithic Memories Inc., 2175 Mission
College Blvd., Santa Clara, Calif.; and “Practical De-
sign Using Programmable Logic,” by D. Pellerin and
M. Holley, Prentice Hall, library of Congress No.
TK7872 .1.64 P44 1991.

The following U.S. patents are herein incorporated
by reference: U.S. Pat. No. 3,423,646, is a computer
logtc device consisting of an array of tunneling diodes,
isolators and short circuits. U.S. Pat. No. 3,566,153, is a
programmable sequential logic device. U.S. Pat. No.
4,124,899, 1s a programmable array logic circuit. U.S.
Pat. No. 4,717,912, an apparatus for producing any one
of a plurality of signals at a single output. U.S. Pat. No.
4,758,746, is a programmable logic array with added
array of gates and added output routing flexibility.

Definitions

A macrocell 1s generally defined as an output cir-
cuitry coupled to the end of a logic circuitry—such as a
logical OR array—and containing multiplexers, buffers,
drivers, registers, etc., and sometimes an input/output
pad. “External mputs” terminology is used to describe
the fact that the input/output (I/0) pad allows for input
signals from an external source as well as outputting
signals over the pad. “Sum-of-products” is a term used
to describe a resultant signal that has gone through a
logical AND array and a logical OR array. Combinato-
rial mode refers to the fact that there are two logical OR
array outputs. A first has outputs which are registered,
having signals routed through a register, and is referred
to as a registered mode. The second outputs do not
register the outputs and are referred to as a combinato-
rial or combinational mode.

Specific Embodiment

FI1G. 2 1s a detailed illustration of the invention and
includes the following elements: Leading into the mac-
rocell 70 are two OR arrays 72 (registered mode) and 74
(combinational mode). 8 X 1 multiplexer 76 takes a prod-
uct term from OR array 74 to 8 X 1 multiplexer 78 hav-
ing a global enable line and other possible selections

d

10

15

20

25

30

35

435

50

39

65

4

commonly used. From array 72 there is a buffer 80,
multiplexer 82, a D-type flip-flop or register 84 (register
mode creating), an 8 X 1 multiplexer 86, a tri-state 88 (or
input/output driver), and pad 90. Clock signal, CLK, 92
is coupled to register 84 via buffer 94 and multiplexer
96. Array 74 couples to multiplexer 86 via buffer 98 and
multiplexer 100. Also, AND array 68 has a product
term coupled to mux 78 via line 69. It is further noted
that line 69 is routed directly from AND array 68 to
mux 78, and does not go to an OR array unless grabed
by mux 76. An 8X 1 multiplexer 102 has inputs from
mux 101, register 84 via Q-bar, and an alternate input;
the lone output is an input line to programmable AND
array 68 via input buffer 104 and AND array input lines
65. AND array 68 also has inputs 66. Mux 101 has inputs
from exclusive input line 89 and exclusive feedback line
87. Mux 101 is controlled from logical Or gate 99. OR
gate 99 has inputs from an output from OR array 72 via
line 75, and mux 78 via line 79.

Modes of Operation

One skilled in the art will appreciate the operation of
the mvention. Specifically, there are three primary
combinatorial modes for the macrocell circuit. The first
combinatorial mode, referring to FIGS. 2 and 3A, oc-
curs when mux 78 enables 3-state 88, by sending a logi-
cal “1”. This mode allows for outputting of logic signals
from the logic circuitry (arrays 72 and 74) over 1/0 pad
90. Simultaneously, in this first mode, mux 101 is set to
a “1” which is controlled from the logical OR 99 receiv-
ing a signal from mux 78 via line 79 and a signal from
OR array 72 via line 75. Thus, selecting the exclusive
logic signal feedback line 87. Thereby allowing feed-
back logic signals to be coupled to logic circuit input
lines 65 via AND array input mux 102 and input buffer
104.

Referring to FIGS. 2 and 3B, the macrocell’s second
combinatorial mode occurs when mux 78 disables three-
state 88, by sending a logical “0”. Thus not allowing any
signals to output over pad 90. Simultaneously, mux 101
is set to a “1” which operates as described in the first
mode above. Thus, again selecting the exclusive logic
signal feedback line 87 as described in the first mode
above. Specifically, in this second mode, the circuitry is
capable of having the pad 90 disabled yet have signals
from array 74 feed back into the logic circuitry of AND
array 68.

Referring to FIGS. 2 and 3C, the third combinatorial
mode occurs when mux 78 disables three-state 88, as
described in mode two and achieving the same results.
Simultaneously, and unlike the previous modes, mux
101 is set to a “0” by a similar fashion as described
above. Thus, exclusive input line 89 is selected and feeds
into AND 68 in a similar fashion as described above.

FIG. 4 illustrates an embodiment of the invention
being utilized in a field programmable logic device
having a programmable AND and two programmable
OR arrays.

VARIATIONS IN THE INVENTION

There are several obvious variations to the broad
invention and thus come within the scope of the present
mvention. Uniquely, this invention may work on any
number of ICs utilizing 1/0 and feedback lines. For
example, a PLD using fixed ORs or static logic. Field
programmability 1s not required for utilizing this inven-
tion..
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While the invention has been taught with specific
reference to one embodiment, someone skilled in the art
will recognize that changes can be made in form and
detail without departing from the spirit and the scope of
the invention.

Although subheadings in the Detailed Description of
the Illustrated Embodiment are used, these are merely
provided for assisting the reader; wherein, the writer is
free to enter any information under any heading/s.

I claim:

1. A programmable logic device comprising:

a) an AND array having multiple inputs and multiple

product term outputs;

5

10

b) first and second OR arrays, each OR array receiv- -

ing, as mputs, product term outputs from the AND

array, each OR array having a single sum-of prod-

ucts output; and
¢) an output macrocell having

cl) a first input for receiving the sum-of-products
output from the first OR array;

c2) a second input for receiving the sum-of-
products output from the second OR array;

c3) a third input for receiving a single product term
output from the AND array;

4) means for generating a registered signal, said
means for generating having a first input coupled
to the sum-of-products output of said first OR
array, and a second input coupled to a clock
signal;

c3) a first multiplexer having a first input for re-
ceiving the registered signal, and a second input
for receiving a non-registered signal derived
from the sum-of-products term output of said
second OR array, said first multiplexer having an
output, and being operable so as to select be-
tween the registered signal and the non-regis-
tered signal, and providing the signal so selected
at ifs output;

c6) a tri-statable gate which either couples the
selected signal to an input/output terminal or
decouples the selected signal from the input/out-
put terminal;

c7) a logic gate having an output, a first input cou-
pled to the sum-of-products term output of said
first OR array, and a second input coupled to the
single product term output from the AND array;
and

c8) a second multiplexer having an output coupled
to at least one of said inputs of said AND array,
said second multiplexer also having first and
second inputs, said first input being coupled to
the output of said first multiplexer, and said sec-
ond input being coupled to the input/output
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terminal, said second multiplexer being con-
trolled by the output of said logic gate.

2. A programmable logic device comprising:

(a) an AND array having multiple inputs and multiple
product term outputs;

(b) a first OR array having a first single sum-of-
products output, and also having multiple inputs
comprising a plurality of product term outputs
from said AND array;

(c) a second OR array having a second single sum-of-
products output, and also having multiple inputs
comprising a plurality of product term outputs
from said AND array;

(d) means for receiving a clock signal;

(e) an output macrocell having;

(1) a first macrocell input corresponding to said
first single sum-of-products output;

(2) a second macrocell input corresponding to said
second single sum-of-products output;

(3) a third macrocell input corresponding to a sin-
gle product term output from said AND array,
said single product term output also serving as
one of said plurality of inputs to said second OR
array;

(4) means for generating a registered signal, said
means for generating having at least first and
second inputs, the first input of said means for
generating being coupled to said first single sum-

- of-products output, and the second input of said
means for generating being coupled to said clock
signal;

(5) a first multiplexer for selecting between the
registered signal and a non-registered signal de-
rived from said second single sum-of-products
output, said first multiplexer having an output
providing a signal so selected;

(6) a tri-statable gate which either couples the se-
lected signal to an input/output terminal or de-
couples the selected signal from the input/output
terminal, said tri-statable gate being controlled
by said single product term outlet;

(7) a logic gate having an output, a first input cou-
pled to said first single sum-of-products output,
and a second input coupled to said single product
term output; and

(8) a second multiplexer having an output coupled
to at least one of said inputs of said AND array,
and first and second inputs, said first input being
coupled to the output of said first multiplexer,
and said second input being coupled to the input-
/output terminal, said second multiplexer being

controlled by the output of said logic gate.
*¥ X %x ¥ X
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